In 32 men (mean age 54.94 years, range 25-70 years), thresholds for penile thermal and vibratory sensation were recorded before and 3 months after surgery using a genital sensory analyser. The following significant changes were found postoperatively. The cold threshold decreased in the glans from 27.24 to 25.33 1C (Po0.001) in men older than 60 years, and in the ventral penile shaft from 28.54 to 25.46 1C (Po0.001) in men aged 35-59 years. The warm threshold increased in the glans from 38.31 to 40.61 1C (P ¼ 0.002) in men aged 35-59 years, and from 39.20 to 40.58 1C in men older than 60 years (P ¼ 0.023). The warm threshold also increased in the ventral penile shaft in men aged 35-59 years, from 36.62 to 37.82 1C (P ¼ 0.023). For all three age groups combined, the vibratory threshold changed in the glans from 2.33 to 2.93 lm (Po0.001). It is concluded that penile sensitivity changed significantly after surgery for penile curvature treatment, regardless of whether a ventral or dorsal surgical approach is used.
Introduction
Surgical treatment 1 for correction of penile curvature is frequently proposed to alleviate sexual discomfort. Although such treatment is often reported to be successful, postoperative problems, such as sensory changes, have not been fully studied.
Many surgical techniques have been described for the treatment of acquired Peyronie's disease and congenital penile curvature. [2] [3] [4] [5] [6] [7] [8] [9] The majority entail some dissection and resection of skin, tunica albuginea, dartos fascia and Buck's fascia. During the intervention, plication of the contralateral side of the plaque for deformity correction is also done. In other cases, when torsion cannot be addressed with simpler procedures, plaque incision and thinning, combined with placement of a graft onto the thinned tunica, allows some recuperation of the loss of penile length. 10 It is possible that all surgical manipulation techniques can cause some degree of nerve injury or neurotripsy that, theoretically, can result in modification of penile sensation. Commonly reported complications include loss of potency, penile shortening and bulging, pain, infection and glans numbness (secondary to manipulation of nerves, and especially the dorsal neurovascular bundle), [11] [12] [13] [14] but information is scarce. Circumcision is frequently performed in the same procedure with the intention of avoiding a long foreskin. This represents another potential cause of postoperative alteration in sensitivity. 15 The penis is innervated by the dorsal penile and perineal nerves. 16 These nerves are a continuation of sympathetic and parasympathetic autonomic nerves that also provide sensory and motor somatic branches. The dorsal nerve of the penis is the primary source of afferent somatic input from the penis, and is critical to erection and ejaculation. Besides being responsible for penile sensitivity and function, the somatic sensory system provides specialized structures that transmit information from the external environment.
There are four major classes of somatic sensation: pain, temperature, position and touch-pressure sensation. These stimuli are transmitted by the autonomic nervous system through both large-and small-calibre nerves. 17 These innervations include two types of nerve fibre: myelinated large A-b fibres with a diameter 45 mm and small A-d/C fibres with little or no myelin. The large fibres receive tactile sensory information from corpuscular receptors, and the small fibres receive thermal and nociceptive information from their free endings. 18 Thermal somatosensory testing is a noninvasive and fast method for evaluation of penile neuropathy, 19, 20 which allows the clinician to test small nerve fibres. 21 The technique provides quantitative measurements that are compared with threshold values for warm (heat-induced pain), cold (coldinduced pain) and vibratory sensation. Deviation from the basal range can indicate the existence of peripheral nerve damage or disease.
Aim
To the best of our knowledge, there have been no reported studies assessing possible alterations in sensitivity after surgery for penile curvature correction. This study was accordingly designed to evaluate changes in penile sensitivity after surgical intervention for penile morphology correction in sexually normally active men (without complaints other than the curvature).
Patients and methods
The study was reviewed and approved by the Institutional Review Board, and patients were included in the study after they had provided a signed informed consent.
Participants in the study were recruited from among men in whom surgical treatment was planned for congenital or acquired Peyronie's disease. Patients were entered consecutively in the study provided that they were aged older than 18 years, were sexually active and were in good general health. Exclusion criteria were the presence of any major medical and/or psychiatric illness, previous pelvic surgery or radiotherapy, erectile dysfunction or receipt of any treatment for this reason.
Surgery was considered in those patients with curvature or narrowing sufficient to be the cause of difficulty in having sexual intercourse (vaginal penetration), without problems of rigidity. For acquired Peyronie's disease, intervention was planned when longer than 18 months had elapsed since the onset of symptoms, and when the deformity had been present and stable for more than 6 months. Patients with penile congenital curvature, who complained of difficulties in maintaining intercourse due to the torsion, were also included.
Patients were classified into three groups according to age (o35, 35-60 and 460 years). In cases of ventral curvature, the surgical approach through the convex side can easily affect the neurovascular bundle, and it seems logical that the possibility of damage is greater than when using the ventral approach. For this reason, individuals were grouped according to whether a dorsal or ventral surgical approach was employed in order to evaluate whether the selected approach might influence alterations in sensitivity. Patients were asked to evaluate alterations in clinical sensitivity at 3 months postoperatively, at the same time as the postoperative determinations of thermal and vibratory thresholds.
Surgery
Surgery was performed with the patient under local or general anaesthesia. In all patients, corporoplasty was performed for curvature correction, employing the modified Nesbit technique. 9 After making elliptical incisions of the tunica albuginea at the selected points, the central island of the tunica was invaginated and covered by suturing the edges of the incisions. No tunica was excised. In some cases, more than one elliptical plication of the tunica albuginea was necessary to correct the curvature. When dorsal approach was used, a minimal detachment of the neurovascular bundle was done. Absorbable sutures were used. All patients included were routinely circumcised at the time of the intervention. Before discharge, the surgical wound was covered with a tight bandage that also served to avoid involuntary erections; patients were instructed to wear this bandage for 2 days.
Main outcome measurements
The sensitivity to cold, warmth and vibration was evaluated before surgery and 3 months postoperatively. Sensitivity thresholds were measured at the skin surface of the glans penis, at the ventral penile shaft and on the palmar surface of a finger (control case).
Tests were done using the GSA-2001 neurosensory analyser (GSA-3000 Medoc, Ramat Yishai, Israel). [11] [12] [13] The system delivers quantitative assessment of small-calibre (A-d/C fibre) sensory nerve function, as well as of large-calibre A-b fibres. The device produces heating and cooling with a linear rate of 1 1C per second. Thresholds were recorded by the method of limits 22-24 using a Peltier-based thermode attached to the skin zone to be explored. Four consecutive measurements for each thermal modality were performed for the finger, and three consecutive measurements for the glans and the ventral penile shaft.
The vibratory threshold (large A-b fibre testing) was also measured using the method of limits at the glans and the palmar surface of a finger. For this purpose, six repeated measurements of vibratory sensation were obtained at each site.
In both cases, thermal and vibratory, the patient was asked to press the signal button at the moment that he felt the sensation. Results of the experiment were expressed in degree centigrade for thermal modalities and in micrometer for vibration.
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The measurement procedure was carried out in the same way before surgery and 3 months postoperatively.
Statistics
Sensitivity after surgical correction was tested with a general linear model for repeated measures. Different models were employed for each type of sensitivity (cold threshold, warm threshold and vibratory threshold). For all models, threshold was the response variable. We controlled for the factors anatomical site of sensory determination (glans, ventral penile shaft or finger), age (younger than 35 years, between 35 and 60 years or older than 60 years) and type of surgery approach (dorsal or ventral) performed according to the curvature (in cases of ventral curvature, risk of injury to the dorsal neurovascular structures is greater). We estimated the differences, and their confidence interval (95% CI), between the preoperative and postoperative thresholds.
It is known that age per se can result in loss of penile sensitivity. 25 The arbitrary division of patients into the three above-mentioned age groups (o35 years, n ¼ 5; 35-60 years; 460 years, n ¼ 17) was performed to ensure that age had no influence on sensitivity before the surgical correction, and the influence of age group on preoperative thresholds was tested with a general linear model for repeated measures.
We assumed a Gaussian distribution, and a logarithmic function was used when it was needed. Statistical modelling was performed using the MIXED procedure 26 All statistical analyses were carried out with SAS v9.1 (SAS Institute Inc., Cary, NC, USA) and statistical significance was set at Pp0.05.
Results
A total of 32 patients satisfied the inclusion criteria and completed the study. Their mean age was 54.94 years, with a range of 25-70 years. The dorsal approach was employed in 7 patients, whereas the ventral approach was used in 25 patients.
We observed that the preoperative thresholds differed among the age groups for the cold threshold (P ¼ 0.017 for glans; P ¼ 0.023 for ventral penile shaft) and for the vibratory threshold (Po0.001 for glans and Po0.001 for ventral penile shaft); therefore, we had to enter the stratified age into subsequent models.
In the young, middle-aged and older groups, we, respectively, obtained 314, 617 and 1017 threshold measurements for thermal and vibratory sensitivity. Tables 1-3 , respectively, show the results obtained with respect to the cold, warm and vibratory thresholds using the general linear model for repeated measures. Significant loss of cold sensitivity was found at the glans site in the older age group. Before surgery, the cold threshold averaged 27.24 1C, whereas after surgery, it decreased to 25.33 1C on average (À7.01%, Po0.001). Statistical significance was also found at the ventral penile shaft for the middle-aged group: before surgery, the cold threshold averaged 28.54 1C, whereas after surgery, it decreased to 25.46 1C on average (À10.79%, Po0.001).
The warm threshold increased significantly at the glans site in the middle-aged and older groups. In the middle-aged group, the warm threshold rose from a mean of 38.31 1C before surgery to 40.61 1C after surgery (6%, P ¼ 0.002), and in the older group, it rose from 39.20 to 40.58 1C (3.52%, P ¼ 0.023). A statistically significant increase in the warm threshold, from a mean of 36.62 1C before surgery to 37.82 1C after surgery (3.28%, P ¼ 0.023), was also found at the ventral penile shaft for the middle-aged group.
We found a loss in vibratory sensitivity at the glans site in the young and middle-aged groups. In the young group, the vibratory threshold rose from a mean of 1.49 mm before surgery to 1.84 mm after surgery (23.49%, P ¼ 0.014), whereas in the middleage group, there was an increase from 2.34 to Table 3 ).
No statistically significant variation in results was found in relation to the type of surgical approach employed, that is, ventral or dorsal: for the cold threshold, P-values were 0.943 for the glans and 0.883 for the ventral penile shaft; for the warm threshold, P-values were 0.490 for the glans and 0.449 for the ventral penile shaft; and for the vibratory threshold a P-value of 0.240 was obtained for the glans. (Although minor variation was observed, statistical significance could not be estimated with respect to the vibratory threshold at the ventral penile shaft because of an insufficient number of determinations.)
In general, the results obtained in our group of patients show a loss of sensitivity after surgery. Nevertheless, although the GSA-2001 neurosensory analyser registered changes, none of the men included in the study complained of evident clinical alterations in sensitivity at 3 months after operation.
Discussion
Surgical intervention for the correction of penile curvature, whether acquired or congenital, can produce sensory alterations apparently related to treatment. In our studied group of men, surgical treatment induced changes in thermal and vibratory penile sensation and some of those changes reached the level of significance. The results probably indicate slight neurotripsy or damage to nerve fibres, but with the changes being insufficient in magnitude to impact on the patient's perception of sensitivity during the study period, that is, although changes were detected by the measuring method, they were without clinical expression. It should be noted that as the follow-up period after surgery was only 3 months, the minor changes identified in thermal and vibratory sensation may have been transitory effects of surgery. This issue remains to be studied during a longer follow-up period. It is important also to note that secondary effects reported after this kind of intervention include loss of sensitivity, numbness and difficulty in ejaculation. Another point considered in the present work is the effect of the type of approach (ventral or dorsal) selected for curvature correction, which differs according to the nature of the curvature. We assumed that any kind of surgical technique is capable of producing some degree of nerve damage or neurotripsy, but we are aware that the possibility of damage can vary depending on the technique and the anatomical approach used to straighten the penis. Theoretically, nerve damage may be more serious when surgery entails manipulation of the dorsal neurovascular bundle rather than the ventral nerve branches, but our results do not indicate that the surgical approach exerted any significant impact on changes in sensitivity. The lack of any difference may be a consequence of one or both of the following factors: (a) fewer men were treated by the dorsal approach than by the ventral approach or (b) surgeons were aware of the higher risk of nerve damage when employing the dorsal approach and consequently proceeded with greater caution. It can also be hypothesized that there may have been interindividual variation in the topography of penile innervation. The influence of the surgical approach remains an interesting issue that probably requires further investigation in a larger patient population. It must be remembered that damage to the dorsal neurovascular bundle of the penis may lead to a loss of sensation, resulting in abnormal ejaculation and, very often, legal problems.
Although a previously published study did not support the popular belief that circumcision affects penile sensation, it remains possible that patients with an uncircumcised penis are more sensitive owing to the conservation of sensory receptors on the prepuce and frenulum. All of our patients were circumcised during curvature correction. Nevertheless, we consider it improbable that the reductions in sensitivity observed in our patients can be attributed to the loss of tissue and receptors caused by circumcision. Rather, they are likely to have been the end consequence of the surgical technique employed and, probably, of some degree of neurotripsy.
Potential limitations of the present study are the number of patients included and the wide age range. Uniformity is difficult to achieve in series of this nature and is related to the number of cases. It is known that aging entails a peripheral decrease in mucosal and cutaneous nerve terminals that affects sensitivity. 25 We also observed this age-related reduction in sensitivity when stratification was performed for age, but this effect was controlled in our study. It is also important to bear in mind that the patients studied by us served as their own controls.
As far as we know, this is the first study to focus on and measure the consequences of surgical correction of penile curvature for penile sensitivity. Other reports only communicate the percentage of patients complaining of changes in sensitivity. 14 We speculate that longer follow-up and inclusion of a larger number of patients would probably cast further light on this interesting issue.
Conclusion
The present study provides evidence for significant changes in sensitivity after a short period of 3 months after straightening corporoplasty for Peyronie's disease or congenital penile curvature. These changes do not seem to be related to patient age or the type of surgical approach.
